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Measurement/control of sheet material, using at least one sensor array. 
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Abstract 



A paper web (102) is monitored for measurement and manufacturing control by a stationary web sensor (132) 
extending across the entire web which Is raster scanned by the motion of the web (102). Massive amounts of data 
are processed by a look up table memory addressed by digitized sensor data and the output from a reference 
memory containing element specific information. The lookup table is loaded with data to define a characteristic or 
property of the web corresponding (102) to digitized sensor data Interpreted in view of element specific data from the 
reference memory Rapidly processed data is stored in a memoiy in a form facilitating its display and interpretation 
by an operator of the web manufacturing machine (100) and also control of the machine. By controlling operation of 
he machine, uniformity of the web is substantially improved and, by taking the measurements closely adjacent the 
initial processing end of the web, corrections of nonuniformity in the web are quickly effected. To measure and 
finSi^nH ^ ^th properties of the web, a second, preferably stationary, sensor (21 0) adjacent the 

finished end of the web (102) monitors the web adjacent a takeup reel (124). Altemately, for basis weight 
measurement and control, the weight of the takeup reel (124) is monitored and combined with the web width and 
machine operating speed to determine an absolute web basis weight. Thus, uniformity of the web and absolute 
values of characteristics and properties of the web can be measured and controlled 
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Description 



m^lSrli'IT?!'" K '^^^ ^T?^ *^ measuring and controlling at least one characteristic of a web of sheet 

material as the web is being manufactured and, more particularly to methods and anoaratn^ fnr nlZ,^^ I 

controlling a web of sheet material as it is being manufactured by mLans ofa firS^^^^^^^^^^^ 

sensor, to maintain the uniformity of the web and a second sensor, also prefeSy a statioS se^^^^^^^ 

the absolute value of at least one characteristic of the web. While the present invention S gen^rXaDo icat^^^^^ 

measunng and controlling the manufacture of a number of different types of web material it ^^SSS^ 

herein with reference to webs of paper for which it is particularly appli^ble and isWy bei^g ap^^^^^^ 

A variety of sensors have been utilized to measure and control the manufacture of sheet material which is 

for ".vSl'tf t TTT^ webs moving at high speeds in the manufacturing proLL ^ie^i mS^ can be 

for example, metal, plastic or, for the description of the present application, paper. ' 

The most common and currently popular form of paper web sensor is generally moved across the web of nanpr in 
weiohf s^?r' '° ' A- exar^plfa b^ta gauge Slsif 

S ;L ^ P'P^' the paper is nroLg rapidly through the Paoer 

making machine. Accordingly, the sensor detects the basis weight of a zig-zag pattem on the web in the direction 
of web movement or machine direction (MD). With scan speeds ranging from 100 to 400 n^SnSi (L? oaf 
second, scanner instrument measuring zones ranging from 10 to 30 mm and web speeds ramina from 3 to lo 
meters per second, less than I'/o of the web is measured using such scannedTauges ^ ^ 

property variability into cross direction and machine direction causes and effects is difficult and 
time consuming due to the limited machine direction measurement frequency resulting frorn the ?a laa S 

be no'lTl^ h T"'' ^"'^ ^'^'^^ In addition. tyS five to te?CD scans must 

fn fh» h"^ ''^ determined, possibly a time period of up to 30 or more minutes Added 

miJhin 1"^^""?*^" ''L -[""'fP'^ sensor scanners are normally located dose to the ?aLTp reel fo??he 
rnachine which resute in additional delay for the paper to leave the headbox traverse the n^aSe and arrive at 

LegiXbe Iv'Sed'"''' '^'^^ ''''' *° '^''"'^ ^^-^ of" «rm\lrs'c^*^ 

In an attempt to speed up web measurement and control, a stationary optical sensor extendina continuouslv 
across a paper web ,s disclosed in U.S. Patent No. 5.071 ,514. As disclosed in the ■514 paS tS^ stetiona^ 
optica sensor must be calibrated for controlling the machine making the paper web CanSib^ r^av be nerfor 
by a dosely associated scanning optical sensor which senses discrete regions of the wtb S?t is scanneTa^^^^^^^ 



Irp\Mnnilm!l? ^""^ ^''•^""'"^ ^^"^"'^ positioned at the wet end of the paper making machine and 
are supplemented by scanning sensors located at the dry end of the paper making machine Data from thp 

forX'r."oT ?'u^ P^P^^ -^^^'"9 -^^^^'"^ "^^y be correSd Se stationarjop^^^^^^ sensor 

for ultimate control of the paper making machine. Unfortunately, in the system of the '514 patent the cali bration 
perforrried by the wet end scanning optical sensor is not entirel^ accuratl surthat cal bratio7eUd^^^^^^ 

S machin:°"''''°" ^'^""'"^ ''''''' ''^^^"^^ °P«<^«' serisoSeraWS^ 



A second stationary optical sensor is disclosed in U.S. Patent No. 4,950,91 1 for performina insoection of a -^h^Pt of 
matenal to detect flaws which occur within the sheet of material. In this system. tSoTl PeS^^^ 
pixel by pixel basis in response to raw data coming in from the stationary optical sensor Ev^^^^^ " ^ 

flaS thP Z^^^ signals which pass through the threshold levels with the'event s^s being S^^^ 
JpSini fl I ""f^'f ""^""^ ''^'"9 i"spe^od. While the system of the '91 1 patent is very effective for 

Further ^nn '^^-^^^ "'ferial, the System is limited in terms of speed and therefor data coldion^^^^^^^^^ 
by^KnsTeS™ "^^^"^ ^^t-^' -P-- to da?a generated 

dSfn^^n^"! hl^h " 'T' arrangement for monitoring webs of sheet material for accurate 
determination of sheet charactenstics and use of those characteristics to rapidly control the machine makinn thP 

they would be controlled from a second sensor, preferably a stationary sensor, monitoring the web near the final 
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processing of the sheet material. 



moniWH f ^ ^"'^ apparatus of the present invention wherein a web of sheet material is 

monitored for measurement and control of one of more characteristics or properties of the web duTna 
rnanufacture. Preferably, a stationary web sensor extends across the entire cVoS dirSn rcD^oHhl k ^ 
that he entire web can be monitored. For example, if one or more line scan care^rare used to^^^^^^ 
thTm^fSrJIh^ °' pixels across the entire web. the camera output signals can be read atTrate s^ncSLUd to 

S^\^:^^i^^^ Which Lntains poinTre'ro»^^ 

l^V^HaSi If^S !°^,^^®^,w't'^ data such that its readout defines a characteristic or property of the web which is 
^ display and therefor its interpretation by an operator of a machine producing the web of materi^for 
adjacent the initial processing of the web. corrections of nonuniformity in the web are Sy a^i aiur^^^^^^ made. 

wlTnSi"?'"®"^ proximate the initial processing of the web of material can not represent the finished 
web produc . to measure and control absolute characteristics and properties of the web a seconrspn^o ?f 

absolute basis weight for the web. Thus, uniformity of the web and absolute values of chararteriSii inH 
properties of the web can be measured and controlled by the invention of tL present a JSn '"^ 

^^^^ 

representing the electromagnetic radiation received from the sheet material- convertinaSs anal into ELi 
oTnf onr' i"'?"'"?"' representing the intensity of electromagnetic radiatZSed frl corr^^^^^^^^^^ 

Preferably, the step of receiving electromagnetic radiation representative of the sheet material therefrom is 
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performed across the entire width of the sheet material. The method may further comprise the steos of- ^tnrinr. th« 
physical property information in a memory; processing the physical property inforSrstored in The L^^^^^^^^ 
generate image signals; and, displaying the image signals ""ormanon stored in the memory to 



JL H^ 1°'"' of data storage, the physical property information comprises n bit digital gray scale values and thP 
step of stonng the physical property information in memory comprises the steps of: truncatin?n lower o^^^ of 
lu^ZZ?^ ^1?Tf *° "P"^'"' 2 bits wide addressed by resulting truncated memoradd^^^^^^^^ 
P«S n??hf f ^® ^'^y ^^^'^ ^^'"^^ ^'■""^^^t^d n lower order bits to f?rm 2 data sSre Iddresses'for 
mpll "'^"^'^ addresses; addressing the memory with the histogram addreSreadinaTac^^ 

addSd by ?hVh1st^^^^^^ f '^nr =• '■"^^^'"-"ting the vaiue'read from elch memor? loca ion 

h„ thrkS ^ n'stogram addresses; and, stonng the incremented value into each memory location addressed 



i^^Mn'S,'*,"'"' ' "^'^'^ "'""^ P'^^'"" = system for controlling a machine makina a 

nmH';?.°Hn^"h''®/'"'' 1"' ^^^"^ P""^^^"* Invention, a system for controlling a machine makina a 

J=rm'5^„:;r.^^re,°ltsrc^^^^^^^^ 

S:^ern^Snt!;oT:n;^^ ien^aSr '^^ «^ ^ coSe 
IH^^I^.I,'*,"'"' 'SP^ "'"^ P™=«"< 1™="""". a system for controlling a machine maldna a 

3S "^'^'^ ""^ ""5'^' accumulating the web of sTeet matenS as it is 

^tenal; geneiatng web signals representati.o of the web of sheit mateSrand S>rtSle mSinI?n 
;Xrerofrgr„trol'«^'*^ 

The method may forther compnse the steps of: monitoiing the product at a localion substanSallv adlacent to flnal 

trw™ oSheeSe^al*^^ '''' °' °^ ^"^^^^ - Performld'aaoS treSfJdth of 

nrnnf2!;''T'if ""f ^ ^^!^ ^ ^^P®*=* P^^^ont invention, a method for controlling at least one ohvsical 
stSrv If/f ""f ^"f ''^ ^^'"9 manufactured comprises the s?eKos^tnK 

stationary sheet matenal sensor at a first location along the sheet material substantially adjaceK inrtial 
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processing of the sheet material; operating the first stationary sheet material sensor to qenerate first sen-^nr cinnoio 

ZTT^T f f P'^y'"^"' P™P"^ °f ^'^'^^^'^ °f the sheeSen^arat he fiS 

converbng the first sensor signals into first digital signals having magnitudes representina the at LTs on^ nhU- , 
KnS °f ^'^^^^'r:«5.«'«'"ents of the sheet material at the first locationTaddrSg a ?efe^^^^^^^^^ 
synchronism with the discrete elements of the sheet material to access element specific informatioJ^fo7?h^ 
discrete elements; addressing a lookup table with the first digital signals and the Sent sDeSfic?n^^^^^^ f 
IT P^Vf^' P^°P«rty information for the fhermaterialt'e^p^^^^^^^^^^^ 

m« Pri« «t ° 9«"f«te second sensor signals representative of at least one physical prope% of the sheet 
T^ntnfjL^^ second locaton; and, controlling the manufacture of the sheet material in respons^tX second 
sensor signals to maintain an al)solute value of the at least one physical property of the sheKterial The sten of 
operating the second sheet material sensor to generate second sensor signals may a,^^^^^^^^ °^ 
monitonng the weight of the sheet material as it accumulates. compnse the step of 

nrnHn^'fn?^^^^*" ^ ^^^^ ^^P^^ P''^^^"* '"^^"fo". ^ ^^^^^"^ ^OT Controlling a machine makino a 

product in the form of a moving web of sheet material comprises a first stationary web sensorTxtendin^^^croL thP 
entire width of the web of sheet material for receiving light therofrom and generating firit web sSs 

compnse weight sensing apparatus for measuring the weight of accumulating sheet ,^al^.riaTas1t irproSuS! 

Ih^inZ^^P^^ "tf^ f ^sPf ct o^tl^e present invention, a method for controlling a machine making a product in 
m^tllThLi ? "^^^^^f matenal comprises the steps of: initializing the machinl to produceT v^b of shee? 
material having known characteristics satisfying requirements of a given product produced by the machine 
receiving light representative of the product from the web of sheet material at a ocation subVLn^^^^^^ to 

wph ofTf ""^^ 9^"«^^«"9 «ig"«fe in response ^ the iSS^^^ 

Zl^ nftTl = ?"t™"'n9 the machine in response to the web ^gnals to estSsh unlfor^^^^ 

web of sheet matenal regardless of the absolute requirements of the given product. "n'^o^m'ty 'n the 

IrorSn1,J"fh^ further Comprise the steps of: monitoring the product at a location substantially adjacent to final 
processing of the web of sheet material to generate product signals representative of a qiverchaSristic of ?hp 
product, and con roiling the machine in response to the product signals to further conrrolThe aSu? ue of^hp 
given charactenstic of the product. The step of monitoring the product at a loSn SC^^aS^^^^^ 
aTcrm^We^^^^^^^^ '''' °^ -"'*°-9 the weight of t^^ZVcfra reellT^^^ 

i*hoi?l^^ f " °ff P^®®^"* invention to provide improved methods and apparatus for monitorina webs of 

fnnl^^ "'^n"'^"'""* °^ °' '""'■^ characteristics and properties; to pTovre iSed n^^^^^^^ 

and apparatus for monitonng webs of sheet material for measurement of one or more shercharacteTtirTanH 
properties, and use of those characteristics and properties to rapidly controUhe SiS r^aSh^^^^^^^ ta 

S'^'T^ "'f^'' ""'^ ^PP^^^*"^ '"°"'*°""9 ^«bs of sheet material whSdM Se colleded for 
statistical analysis of the material and the process making the material; to provide impr3 methods ar^d 
apparatus for monitonng webs of sheet material near the initial processing of the n^SSomeasuri^ 
uniformity of the webs of sheet material; to provide improved methods and apparatus formonTtoyng w^^^^^ of sheet 

Sshee matL ial '^nH 'r^'^'^H"? T'"^' *° '"""^"^^ independent^ control tnSirof thi vlete 
ll^H T '1° P/"^"*^ improved methods and apparatus for monitoring webs of sheet material wherei^ 

^Sn/r^ ^^r^ "'"u^"" ""^ by signals from a sLnd senior pSS a 

stationary sensor, monitonng the web near the final processing of the sheet material. P^^reraDiy a 

d'yawingfand tt app^refdat^ '''''''' ^--'P«-- accompanying 

?ra°N;?ngst?hfch":''^^^^^ """^ ^ '"'^"^ understood, reference will now be made to the accompanying 

applilation!''^^"'^*''' representation of a paper making machine incorporating the invention of the present 
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SsenfinveSf '^'^'^^ 'epresentaton of three different embodiments of optical web sensors for the 

S' t ■« ^.'^r^^'"" p!°' repfesenting the addressing and contents of a look up table memonr of Flo 3- 
wlb'niSSrmVht'^SK °" -"■>' ^ -asul^rurs for de,„ed 

Fig. 6 is an excerpted portion of entries in a look up table memory of Fig 3- 

r?amerao?^' af'"^'^^ microscale uniformity patch for data collected from 5 scans of 5 detector elements of 
Fig. 8 is an area chart for a sheet uniformity profile; and 

Fig. 9 is a profile history plot for data collected from 5 scans of 5 detector elements of a camera of Fig. 3. 

nflT^T L"''?*'°? f "^'^"y 3PP«cable to measuring and controlling the manufacture of many different 
S '* ^ described herein with reference to webs of paper for whichTt is 

partcularly applicable and ,s initially being applied. Further, while the invention will be delcri^eTwith reference to 
measunng and controHing the manufacture of a paper web in response to optical monitoring it is^oted S^^^^ 
forms of sensors can be used in the present invention. Thus, the invention is geneTairaSSncaWe t^me^^^^^ 
apparatus for monitonng or processing signals which represent an interaction with o L SSfon from a web of 

04 Which defines a headbox slice by a slice lip which is coStrolleratolglts len^^^^ 

?0 .tiS, "i^"^^'' Pe"ded in water is conveyed to the headbox 104 from a sEp^^y loivlf^Jt^ck v^^^^ 

1 1 0 such that the slurry can be applied to a wire 1 1 2 to form the paper web 1 02. 

^^J^t^^^ 1?^ ®^ ^ ^2, excess water is drawn from the web 102 which leaves the wire 112 

and passes through a wet press 1 1 4. The web 1 02 may be acted upon by driers 1 1 6 1 1 8 a sIz^DreL ?0 a 

coSgteTl2? '""^^ ^"^^^^'"^ '^°-) ^^^^^ bLg wotn'^n'to "Jkeu^or 

An operator's console 126 includes a processor system 127 for controlling the paper making machine 100 bv 
means incUjding the plurality of actuator cells 106, the stock valve 110, a?d the otherSSs^ndVroces^^ 
staftons which are utilized along the path of the web 102 through the machinriM The operat^^^^^^ 
ml"hin! i^n^^H^'^J^^ ^^^Tn^'y of information into and control of the processor system 127 to thereby c^^ the 
machine 100 and a display 130 through which an operator of the machine 100 is advised of machinL oLrSnl 
aTpli""'' measurements and controls in accordancetrthfinTenSn%T^^^^^^^^^^^ 

The processor system 127 of the operator's console 126 receives web signals from at least one sensor fnr 

measunng and controlling the web 102 of material as it is being manufactured In Sg a fiS wS seiso^^ 

preferably comprises a stationaor web sensor 132 which, in the illustrated emboSiment 00^1^^^^^^^^^ 

sensor having a ight source 134 on one side of the web 102 and a camera 136 on the oppSe^^^ 

102 for sensing light from the light source 134 which is transmitted through the web 1S2 PrSLmb^^^^ 

source provides light across the entire width or cross direction (CD) of thi web 102 and the caSa'l SI J^mDrises 

one or a series of cameras which can monitor the entire width of the web 1 02. compnses 

t^P 'lill^r^-Tft ""If "1"^*'^*^.^ ^ • that light may be received from the web 1 02 bv 

urfoX nrnnlnf ^ after transmission through the web 1 02 and/or after reflection from the web 1 oTdependent 
Nn i Q^7iif ^ K properties being monitored. An example of reflective light sensing is illustrated in U S St 
No 4,950.9 1 which discloses a sheet inspection system and is incorporated herein by referent Ir^ a^mon 
while optical sensors are illustrated, other web sensors can be utilized'in the inveron ofl;'^^^^^^^ appSon. 

ShnHlmtnf*? embodiments of optical web sensors for the present invention. The first 

n^m^ri^If Ti' ^^.2f °' • ^^'■"'^ ^'^^^^d^ monitors the entire width or CD of a web 

102a, compnses a senes of five (5) cameras 138 which are supported over the web 102a and provide overlaDDina 

5! *° r'^^ ^'^^"^ °' °f 102a. Each of the cameras 138 comprisefa linS ^ 

Sfd^^menS o^ Of SuT'"^ inTrepU" Tative of 

Mn!!n fhf web 1 02a. Of course, more or fewer cameras can be provided dependent for examole 

upon the camera design and width of the web being monitored.The web 102a is illuminated K above by a^gS^ 
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source 140 for reflective light sensing by the cameras 138 and/or the web 102a is illuminated from below bv a linht 
source 142 fortransmissive light sensing by the cameras 138. "luminaiea irom below by a light 

The second embodiment of an optical web sensor WS2, which monitors at least two portions of the web 102a 
comprises three ca meras 144 which monitor three portions of the web 102a as illustrated irpfg 2 t^e camera 

'IJ^ ° ""^^ ^ °2a; the camera 144b monitors the middle of the web 102a- and the Tamera 
144c monitors the back of the web 102c. Each of the cameras 144 comprises a linear detector array of sensor 
dements or an equivalent of such an array. Again, the web 102a may be illuminated from abovrKe^^^^^ 
ight sources, three corresponding light sources 146a-1 46c being illustrated, and/or froTbelow by a Sht so^^^^^ 

jfo^pSrrssrer^^^^^^^^ ^'^^ - — individu^rsres^r 

elements or an equivalent of such an array, is supported by a scanning frame 152 fo moveSteS^^^ 

wPhTn^/ ^"''J^^ ^ ^^°>' to the direction of mcLT^nTofle we^loS^^^^ 

web 102a may be illuminated fi-om above by a light source 154 and/or from below bv a Sht so irrP i?r ««h^.h il 

anv n?"'"' '^^l"' ^'^''""^ ^^'^ ^°2a by operation of the scSngTame752'?he^^ 

While any of the optical web sensor embodiments shown in Fig. 2 can be used in the invention of the Dre.?Pnt 
dKSSVi." embodiment WS1 is the currently preferred embodiment and. accorrgTthe invE^^^^ be 
tnlr^n? Z ^° embodiment. The method and apparatus of the present appKon for me^^^^^^ 

and controlling manufacture of sheet material, a paper web, will now be described with refeSe to Fig 3 ^ 

A camera controller 160 includes a camera multiplexer 1 62 for multiplexing line rate and data rate clocks frnm a 

bSuin in ""'V^ *° ^"^ °^ ^^'"^^^^ 166- charge couple3 devte (C^^^^^^^ 

being used in a working embodiment of the present invention. The line scan cameras 166 ar?scanned in 

or.S;f rl^'' ^""^ to effect a raster scanning of the web 102 Of cSirse suffic^tly fast 

mfr^nilTn^l - ^'""■^^ ^^'"^ ^''"^ ""^'^ of detectors arrayed across^Se web 

of a nne-byi: b^^^ ^'"'^ ""^^^ ^« ^-^^-^^^d from such raster scLn cameras 

The timing control circuit 164 also generates clock and line sync signals for a diqital sianal orocessor 1fifi fmm lino 

[h ouTh'ieex TJTe camT.*''\"r^'??n"r'^^' *° ^'^-'^ re^eivXmTJ 1^^^^^^^^^^ 

through 166x. The camera controller 160 also performs dc restoration for signals from the line scan cameras irrT 

through 166X. analog processing via an analog processor 170 and line synchronizes video SqnaTs^^^^^ 

JnrscTrmVr^^'i''""^' '^•L"*" ^'9"^' '"P"* to digital sigTalp^cesso? 168 FoTeSlmp^ 

line scan cameras often provide video signals in two channels A and B which should be indeoendentS example, 
compensated due to different electronics within the two channels. maepenoentiy 

The video signals may be provided in a one detector, i.e. one CCD. one charge injection device rciD^ or on^ 
KeSl^?;"*'"' measurement mode or a two detector' per mea?urement mo?^^^^^^^^ 

?iw!Hl ^ ^ combined, for example to prevent mismatehed channels from causing a striping efl^ect often 
nnSl ■ P^'^ of detectors are combined by video cont?ol cTrcSit,? 172 wSich also 

conforms the line scan camera bank timing to the RS-170 TV standard fof VCR recording of line scans and 
interfaces a standard TV area camera or a VCR standard TV playback to the diqital sianal Dro^LsorTfia Thp 
carnera secbon also includes remote interface serial link circuiVl 74 for interfadng S a KroSLlsor J) 1 27a 

^ImZT''°' Tk'"' "^^^ "^""^'^ be constructed from commerdaTfy avaSe^ ^ 

components as will be apparent to those skilled in the art and will be described forther here n ont to *e extent 
necessary for understanding of the invention of the present application. ^ 

frJm'Ihi'^'*""'^'^'*^' W *^'9'tol signal processor 168 converts analog video signals received 

from the camera controller 160 to digital video signals or digital point, element or pixel signatehavhrmaanl^^^^^^^ 
mSrr Th^ °^ electromagnetic radiation received from correspondin^S on the weM 02^^^^^^^^ 

vTdIo 3Li!! S*" '"^^^ "5""' ^ '^^"^ "P ^^e memory 1 78 which ?s aSSressed by the digitaf 

video signals and corresponding pixel reference values stored in a reference memory 180 on a S oixeUor S 

Sdlo Sn.i^^' ^''^'.-'^^"^ "^^'"^^ ^ ^"<^«°n and reSr^sentaTve oKtiSig^^^^ 

video signals and a corresponding stored reference value. ^ 

^rH^iUrl ^""^ ^.'^^ scale parser circuit 182 parses the ftjnctional output of the look up table memory 178 into event 
and level signals which, together with address (position) signals, are transmitted to a histogr^^cSt 1 84 A 
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position logic and clocks generator 186 generates all clocks required for the digital sianal Droce«;.;nr iRfi anH fh« 

I^Hr^cf ofhistogramcircuit184 sort and packincoming Streams Of event level and 
^pi,ft?h^T'?°"^ ^'^"^'^ '^^r®'' fr^"' ^'9'*^' ^'9"^' P^o'^essor 168 according to one of a number of 
selectable histogramming modes which will be described hereinafter. A histogram mode control cS ?94 controls 
mode multiplexer circuits 196, 1 98 and an increment or add circuit 200 to store the pacLd SaSremenT^^^^^ 
h1."mLV;h^'*^!',°^^° independent histogram memoir banks, bank A 202 InTbank B 20? The histoqram ^ 
SnH fVi'" ^ ^'^^ in memory bank A 202 and memo^ banfl 204 on 

2rrtre?process!nt'" ''''''''' ^^7. fo7^esen^fon o? 

When compared to the prior art, the invention of the present application provides a clearer picture of the sDatial 
and temporal variability of sheet properties for both rapidly and precisely measuring h^SToTafif^lS 
manufadured and for controlling the manufacturing process. The cameras 1 38 em^p oyirone or m^^^^^ 
itS?n°^ ^^"r ^°^'"'"9 ^ ^y"^"''^ "^^9^ of *e sheet propeTes using the sE motion 

rvSS^;o^ib\--Sr:^^^^ 

In accordancs with the present invention, the system of Fig. 3 controls the camera scans oalhers Hib 
'SllT," *°T standardizes, organizes, prociS com??S a^d pac^the arrav 

selected actuator effect mappings, and mean and variance statistics over any selS recEe of ch^^^^^ 

ca^ 256 different codes or addresses and 8 incoming address bit lines on the bottom wWch can ca?iv ano her 

« h?'^Kf •J'^f "^^^^^ ^P^*^^ °f ^l^^ '"^'^o^ 1 78 is covered by the T6tJadSres?fi3^d of rather 

Tvl tho ^ ^'^ ""^^ °" tf^^ °"he memory 178 are fed from the ??D conv^^^^ 

T ""^^r ^^^'^^ "^^'"^^ ^78 are fed by the reference memory 180 However it is ateo 

S ill ri*^! '^^^ ^^'"^ ^"■^'^"y o-^erto load the memory 178 wrth^opr^^ e ?abte 

load data from the host processor(s) 1 27a of the processor system 1 27. appropnate table 

For this embodiment, the reference memory 180 comprises 32768 bytes The diqital sianal orocessor lfifi 
sTg^alto'^tht^D^ 

hKL ™T.^ converter 176. Thus, in normal operation, as each incoming video measurement (one or two 
?rp i''^' measurement, 1 DM or 2D/M) is A/D converted and addresses the look uTtab e r^er^o^ 

lll^[Tfl , ^,^'"^^Pf' t° ^^^^^y that measurement and read from the reference memoi't 1 lo alsT 
addresses the look up table memory 1 78. The result is a look up table output byte for the i-th pSion 

memorl'SI^' fS ' ir^r? '"P"^ ^^'^ '^^^^""9 ^0 the same posSion: Eatable (LUT) 

b/M^f;;^^^^^^^^^^ 

Xpn!l "fr^ y-'""' "^^^"^^ °^ 9rid lines on an x-y fSot with the K DrafroX 

S as ThownTn Fio 4 • S^'"'"' t?"^'' "T'"^^' '^'"9 ^'^^^^ ^"^xis tick mafks or grid Hnel on the x-y 
plot as shown m Fig. 4. For this representation, each grid intersection can be viewed as containing the output byte 
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for the look up table memory 1 78 in a storage cell depicted by a circle. 

staridardizatior, of absolute sensor values to exact physical measErrmente fo? Sampiras^sed in a con-n^^^ 
scannmg sensor here the determination for the values contained within the referSmemo^ 180 is more a 
:::S.l^^lZT''- ^^'"^ reference^m^rryTso ^ill be 

^^V"."^ reference memoiy 180 of the present invention can be used in a wide 
ih. p'"*'?^';^^ ^" ^^^^"'^^^^ different measurements which can bSken on 

^l^n^ iSn r 7 °P^^^'.S^'^3t'°" measurements and machine direction sampling measurements the reference 
ZTnZ ?2 ^"^'^^^ ""^^P""^^ ^^'"^^ established during scene normalization and the loS 

memoiy 1 78 is loaded with event information over five or more response level zones For odhSi unifor^^^^^^ 

II'nfmT?"''' '"^'^^ ^'^^ "PP«^ lower CfestabL^^^^^^ 

SSo^S^^^^^^^^^ 

In-SaSS^^a':^^^^^^^^^^^^^^^ 

d"/aTeTSLf ^^^'"9 average of a protracted look a the web 102 Thfaverage 

- — ^ ^Vte forthat pixel. A 

DVNi = DOi + OAG * PNi 

where the subscript i denotes that all values are for the i-th measure or pixel PN is the normal shPPt nhwdrai 

Next as regular measures stream in fi-om post normalization image sensing the result is a digitized video signal 
DVi = DOi + OAGi fPNi + DELTA Pi) 

Ij!,°^®*,f ""^ 9^'" '"^y ^ assumed to vary slowly enough that renormalization is required onlv 

that between the A and B channels which can cause "zebra striping" of results as notedTarLr ^ 

In order to eliminate the effects of gain and offset variation in the array, camera sheet and liaht sourrp 
f°"T"l«PP^°«ch is used in reference and LUT loading ro£lforrJatiS^^^ 

DVi - DOi = (1 + DELTA Pi/PNi) * (DVNi - DOi) 

The A/D converter 176 delivers DV. and DVN and DO are measured during normalization DO bv lookina at dark 
y - yo = m * (x - xo) 

which is a straight line having a slope of m and being offset from the origin by (xo yo) Comoarina eauatlnn^ the 

Plotting a set of such lines on the look up table x-y plot shown in Fiq 4 results in the aranh nf Fin ^ «,ht!h eh^' 

an example of a normalization response fora measure of interest SlS^^DuNt^^^^ 

Gnd crossings can be identified by deviation from the 45 DEG "normal" line If the reaula meaVu^^^^ 
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normal, or well below normal, see Fig. 5. The deviation boundaries defining each of these zones mav be sPt hw tho 
machme operator at start up or at any time thereafter and the look up table memo 1 78 fsSed aXo^df^^^^^^ 
example, an application may call for a ^/-1o/o normal zone, a ^% to 3% above no?r?a zone and a 1% to 
below norma zone. The appropriate codes would be loaded in the appropriate zone S iin! cells It is t?fu^ 
apparent that the output of the look up table memory 178 is only a fun^on of pS IS Sa io^^^^^ 
regardless of the mdividuai detector gains. While five zones are illustrated, it is S hat the^ fs cSerable 
leeway in the coding of the zones and in how many zones are defined. considerable 

For measuring and controlling sheet uniformity, the reference memory 180 and look up table memorv 178 loadinn 
IS quite different. The nomialization process is used to establish limits on the normal i-th measure si3^^ 
excursions by setting high and low test levels and counting crossings that occur vSfhin a SSeriod for 
example one second, above the high level and below the low level. The high and lortest fevJ^^^ are backed off 
setct^drr ' ""t"' of crossings is acceptabfy low. perhaps even zera The Sa of actep^^^^^^^^^ 
Strd^gYhrn^^^^^^^^^^^^^ '^^^'^ ^^^-"^'-^ - - two Pixel me^r 

leveirofT'llT2°4^^ *'f T ^'^^ corresponding to A/D unit 

bins. Then the high limit is set at 144 and the low limit is set at 1 12 ^ 

t]^p\'inh?mit°IIIi®*h®^ "^T""^ ^ ^° ^^"'^ "^^^^"^^ 3 byte in which the most significant four bits code 
the high limit and the least significant four bits code the low limit The codes are simnh/ th« h in/rv /^^^ • . 
representations of the decimal limits divided by 16. Thus th^e 1 44 hSTrnifhra^e of 1 ^^^^^^^ 
nibble of the byte is 1001. The 1 12 low limit has a code of 1 12/16?7 Jd th^ower^^^^^^^ 

^^^^ .eans^th^rii^j^v^Jis^ 

Sif K, m ?f 5 '^"^l^- ^° """"""^ ^ at'-ve example, the zone above the hS^h limit T^ted-ovl^^^ T 
coded by 0 1 1 . The zone from 1 34 (choice) to 144, called "high gray", is coded by 1 01 1 The zonff^om m 
134, called tiomians coded by 1 1 11. The zone Irom 1 12 to 122 (cMce), called C gray" is Sd t^ 1 101 The 
"'a d "^Soooi ^S^l'lT' '""'rHS;,^'''- "'""^^^ "^S rn^^rfcole^S 0?" 

For every high > low limit pair, there is a look up table memory 178 byte load pattern of the same stvie as thp 

'h^r /^""' f •'"'^'"'"9 digitized video measurement addresses int^vent zones an?^^^^^^^ 
levels of a byte load pattern in the look up table 1 78 which corresponds to the measurement locatbn and t rLr^ 
iSri^irntT" '""T^ ''H'''^' measurement location. The look up tabTe merr/ ^78 ^^^^^^^^^ 

measTrfmenf deS^^^^ ' ^^^'^ ''^'"9 °f Pa^cular benefit h^^^^^^ 

measurement definition if the video measurement is within the high-low limit span, i.e. in the normal zone. 

Of particular significance, this infomiation is obtained on a per-measurement (1 or 2 pixels) basis at hinh 
tSJoTrnV. ;"k, "'"'■''"^ ernbodiment. based on results of the normaliStl learn^^^^^^^^ that 
this form of look up table memory 178 and reference memory 180 loading can be generalized for a va feS/ of 
measurements and control operations. Further, while 4 bits are utilized for the event zone and the araJ sc 
value It IS apparent that any reasonable number of bits n could be used for these pum^^^^^^^ Tf desfrld differinn 
numbers of bits n and m could be used for the event zone and gray scale level. respecSve^ 

«3h !2 ' J® incremented value into each memory location addressed by the data s ruSure 

addresses.Accordingly. the locations addressed within each spatial zone contain not thl correspoS L pixel 
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data but rather a count of the number of pixels within the spatial zone which were of the arav sralP Ipv^i 
corresponding to the n lower order bits of the addresses. Such data fad! ates the form«tinn nfnrlnh 
representations or histogram displays and the performance of valusSSSL'^fyses ' 

While the operation of the look up table memory 180 and the reference memorv ian Qhn.iw o„r> 
foregoing descnption, for the sake of clarity, an^xample con J^nrora TysTer^^^^^^^^ 

uX"f«n 'J "'^'^.^rP"?''" be described' ThTdeteS e len^^^^^^^^^^ 

inrSinn t "f'^.f '"^ "^^'"^^ ^"^'^ t*^^* tf^^ ^"^ent references for deteSHl ar?found1n 

location #1 of the reference memory 180. similarly detector #2 references are found in Address #2 and so JS. 

tl'TA^S^nJj^S'^ ''^ ^^''^^ """'^ ^"^^^ tl^^t « variable number of the digital video siqnals from 

Given these initial conditions, the long term average for these 5 detectors is determined and is used to in^H tho 
rarge^K'g^rTy^fcair^ 

averaae of1?l Aln^HTZ*; *.°L''"'']'^'' J ^ determined that detectors #1 and #2 have a long term 
a^e Ss of ?09^^, rS^^^^^^ f ^^^''"9^ °^ ^ ^ ^ ^/D and detectors #4 and #5 have long tTm, 

averages of 109 AO. Using these values and a measure of the distribution of values as deviaHon<; fmm th Jco 

S S22nr • ^ ^"^ 2 contain hexadedmal 0xB5 (dedmal 11-5)- high =10 ow - 5 

d JtSnr?/ ■ ^1=- "'^r ^ °" 3 contains hexadedmal 0xA5 (dedmal 1 0-5 ; and high = 10 low = 4 f^r " 
detectors 4 and 5. i.e. locations 4 and 5 contain hexadedmal 0xA4 (dedmal 1 0-4). 

L^«ffIfH*'°" f conversion of each digital video signal from the AID converter 176 to the normalized arav 

sea e and event values descnbed below for each scan of the detectors 1-5 It is noted tLt each of the K^^hW^^ 
hmit va ue combinations selects a table of values as described above and sl^ol ?n Fig 6 suc^^^^^^^^ 

CcJumn^s°r '''"'^ ^""'^ ^'"9'*^' ^''9"^' ^ converter 1 76 



Columns=6 
Detector Addrl 2345 
Pixel #12345 

Ref s H/L1 1/51 1/51 0/51 0/41 0/4 



'^uJe!^\V(TD!T^Z ^ ^"''^^^^"^"t of the detectors 1-5 including the digital video signal from the A/D 



Columns=8 
Head Coll: Scan #1 
Head Col 2: 
Head Col 3: 
Head Col 4: 
Head Col 5: 
Head Col 6: 

Head Col 7 to 8:Data Stored 
/VDI 12105105104100 
LUTF5F4F5F6F6F0011-4 

2-5's 
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2-6's 



SubHead Col 1: Scan #2 

A/D991 051 009985 

LUTD3F4F4F5D3D0012-3's 

F0022-4's 

D0051-5 

SubHead Col 2: Scan #3 

A/D1 041 031 048788 

LUTF4D3F4D3F4F0012-3's 

D0023-4's 

F003 

D004 

F005 

SubHead Col 3:Scan #4 

A/D97134147162154 

LUTD2F9BD7FBFD001 1-2 

F0021-9 

B0031-D 

70042-F's 

B005 

SubHead Col 4: Scan #5 

A/D1 11 107105102104 

LUTF5F4F5F6F6F0011-4 

2-5's 

2-6's 



For the microscale uniformity patch, the results contained in memory bank A 202 or memorv bank B 204 of thP 
histogram circuit 1 84 from the first set listed above would be- memory oanK B 204 of the 

F001, D001, F002, D005, F001, D002, F003. D004, F005, D001, F002, B003, 7004, BOOS, FOOI. 

Dividing this data by scans, substituting the colors E = Red D = Yellow F = GrPPn R - Pi.mio o^h t di 
continuing one level until a change is detected the result is a displaj as shownTfig 7 Sn ^ 

Jetr^'Snxamp'^^^^^^ 

For the sheet uniformity profile, the results contained in the memory bank A 202 or memory bank B 204 of the 

his ogram circuit 184 are taken from the second set listed above and would be- 

columns=7 

Head Col 1 : Scan Number 

Head Col 2 to 6: Location 

Head Col 7: Avg. 

1545665.2 

2344533.8 

3434343.6 

42913151510.8 

5545665.2 

Average5.7 



fhJ^?? 'f "°Tfu y displayed in an area chart shown in Fig. 8 with the average value 5 7 in the chart above as 
the center line of the plot. This data can be saved as a scan profile on a scan by scarbasis and can be scra^^^^ 
a^ong with a number of others to provide a profile history plot as shown in Fig. 9 wSSzones c^^^^^^^^ 
average (green), "above average" (yellow), "well above average" (red), "below aver^e'TlS) aJ^ Cll bel^^^ 
average" (purple) are color coded as shown. Since the distribution of values is saved at each scan vano^^^^ 
statistical values can be calculated from these discrete points such as standard SaSn variance et^ 

By processing video signals as described, substantial amounts of data can be taken and used to display 
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measurements of various properties and characteristics of the web 102. In this way the web 102 can be 
substantially continuously monitored for measurement and control purposes even LughTe web mav be sev^r^l 

s"^Ss' WS2t';wS^^ '^H^'f' T''' ^^'^'^^-on6 and thKbo^L^'ni^f'thi;^^^^^ 

sensors WS2 and WS3 are used in the present invention, even though the entire web is not monitored 
substantially increased numbers of web elements are monitored such that properties and charac Scs of th^ 
areas of the web 1 02 which are not directly monitored can be estimated by interpolation sSiceS^^ 

^nJnr^r'^'^-'"""^ '"P*^ accumulated data can be performed fhan is possible wrt^ 

conventional scanning web sensors, even with the scanning embodiment of the web sensor WS3 

IHh LSn " °^ S'k^!? application permits web sensing at substantially any location along the web from a wet 
LitS ^ee^lTA. *wnf p°"r "'f ^ 22 to the dry end of the machine substantial^ acSacenUo thf 
CO lectmg reel 124 As shown in Fig. 1 , a dry end sensor 210, preferably a stationary web sensor can be used to 

?eb i"Srfor?'''°'f ""^ ''"^'^ ^^'9^*- °^ ' 02. Other sensl^Sn be ut iized along the 

web 102, for example to monitor a given process performed on the web 102. As shown in Fig 1 the sfze press 
120 may be monitored by sensors 212 and 214 positioned along the web 102 on opposite sides of thfs^e press 

ifnf ^*fS°"^fy ^eb sensor 132 can be utilized to measure and display the web 102 at its wet end 
to pern^it an operator of the system to evaluate one or more characteristics or properties of tt^^ web 102 Fof 
example, the uniformity of the web 102 can be monitored via the display 130 of the oSofs cS^S^ e 126 
video signals, generated and processed as disclosed above, can also be used to controrone or m^^^ ' 
charactenstics and properties of the web 102. By using the signals generated by the system of thToresent 
invention for control purposes, variability in the web 102 can be sutetantially elimiS ^ 

Since measurements made at the wet end of the machine can not accurately determine the ultimate oroduct whirh 

c^Snnt hp' H°r' T T"^"*'"^ ^24. the absolute characteristics anTpropertiS 

cannot be assured by such control using the stationaiy web sensor 132. However by utiLng any of a number of 

If the paper making machine 1 00 is initially setup to produce a known grade of paper and then operated in 

nrp^r'TV^.tP'"''.?"*'""""'"" *° Produce a highly uniform product, the ateo ute vies oTth^^^^^ 

paper wound onto the collecting reel 124 should be very close to the desired product However in accordance with 

IhTn?" 'r?°"; " ""^^ "'^y ^ P^°^'ded for measuring a g^ve^cl^^rSSc of ^^e 

web 102 of sheet matenal and generating second web signals which are representative of the web 102 nTbSlile 
?nTof fh"'^ measurements may be performed by placing the second stationary web sensor adTacelt to fhfd^ 
end of the mach.ne.A control system responsive to web signals from sensors at both the wet and dTends of the 

rrSr^sti^^^ont^rbTol*"^ "^^^""^ ^° ""'^"^'"'^ ^" Of ror m^orTgiV eT'^ 

Rrf web sensor niay be the same as or similar to the web sensors described with reference to 

Fig. 2 above. Alternately, the second stationary web sensor may comprise weight sensing aooara us 216 for 
Sm!?.*''" r:^o which accumulates the web 1 02 as 1?s pfodEJei bJ kr^owL the 

L H f !?? ^"1*^^ "P^'^*'"^ ^P^^^ P^P^^ '"^king machine 100. the basis weight of the web 102 
?he wefohf S c^^^^^^^ weight onhe collecting reel ^ more accurately, tiie'paper accumutated on thT^elf 
3icSL°d S^^^^^^^^^^^ S ''''^""''^ by "-"9 ^°"^-n«o"al weight sensing devices 

thS >"^fr''"b®'' r^^tio" of the present application in detail and by reference to preferred embodiments 
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